In addition to epiretinal and subretinal areas, the optic nerve (ON) is also a candidate location for implanting visual prosthesis to restore vision of patients with retinitis pigmentosa (RP). Since the ON receives all the signals from the retina, stimulating the ON may potentially evoke phosphenes over a wider range of visual field. In this study, we designed a 9-channel microelectrode array and implanted it between the dura mater and pia mater of rabbit ONs by lateral orbitotomy. We recorded the current thresholds and evaluated the efficacy of the array using electrically evoked potentials (EEPs). Spatial discrimination of approximately 20°was verified by EEP maps over visual cortex. A large area of the visual field (over 130°along horizontal meridian) could be activated by this microelectrode array. Visual evoked potentials (VEPs) and different pathological examinations were used to examine potential damage of ONs. One year post implantation, we did not notice significant damages to either the ONs or the microelectrode arrays. EEPs were successfully recorded up to 6 months post implantations. However, further studies are still needed to reduce fibrous encapsulation of the microelectrode array, which resulted in a gradual elevation of current thresholds to elicit EEPs.
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Introduction
Previous reports (Bosnjak & Benedicic, 2008; Brelen, Vince, Gerard, Veraart, & Delbeke, 2010; Cai et al., 2009; Wang, Li, Jiang, & Dong, 2007) have demonstrated that the optic nerve (ON) is a potential site for implanting artificial prosthesis to restore vision of patients with retinitis pigmentosa (RP). Although physiological and morphologic changes occur in the inner retinas of the affected patients (Fariss, Li, & Milam, 2000; Santos et al., 1997; Strettoi, Porciatti, Falsini, Pignatelli, & Rossi, 2002) , the opportunity exists for direct electrical excitation of ON as a means of restoring vision. Brelen et al. (2010) examined visual evoked potentials (VEPs) and electroretinograms (ERG) generated during electrical stimulations of the human ON in two RP volunteers. Sakaguchi et al. (2009) implanted three wire electrodes into the optic disk of a RP patient with no light perception, and confirmed the efficacy of the electrode. Since 2005, researches concerning ON prosthesis have also been carried out by our Chinese C-Sight Group, which have demonstrated the efficacy of a multi-channel penetrating microelectrode arrays (Cai et al., 2009 ). Although the efficacy of different types of ON prostheses has been confirmed by these reports, more studies are needed to address several important issues, such as microelectrode array design, surgical approach, spatial discrimination, range of activated visual field, microelectrode array durability, and long-term pathological changes of ON after implantation.
Electrical stimulations on either pia mater or dura mater of ON could elicit electrically evoked potentials (EEPs). However, direct electrical stimulation on pia mater of ON is more efficient and requires lower current intensity and charge density (Wang et al., 2007) . In general, there are two ON prosthesis designs: penetrating microelectrode arrays and contact microelectrode arrays. Since a needle-type microelectrode inserted into the pia mater of ON may cause damage to axons (Wang et al., 2007) , the penetrating microelectrode array was not adopted in this research. Instead, a contact multi-channel microelectrode array made by platinum embedded in polymide was designed and implanted into the sheath of ON to contact pia mater. The purposes of this study were to evaluate the efficacy and durability of this newly designed microelectrode array and to examine long-term pathological changes of ON after the implantation.
Material and methods

Multi-channel microelectrode array
The microelectrode array used in this research was a 9-channel microelectrode array shown in Fig. 1 . The circuit was embedded in insulating polymide, and each microelectrode and all wires within the circuit were made by platinum. The plug, which was sealed in silica gel and fixed outside the body, connected fingers of the microelectrode array using conductive rubber. Impedance of each channel was measured at different frequencies in an electrochemistry work station (Chen Hua Ltd., China), as shown in Fig. 2. 
Animals and surgical approach to implant microelectrode arrays
Fifty-six adult New Zealand white rabbits (2.5-3.0 kg) were used in this study. The animals were treated according to the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research, the Public Health Service Policy on the Humane Care and Use of Laboratory Animals (revised 1986), and the US Animal Welfare Act. Only the right eye was used in this study. All experiments were approved by and carried out under supervision of the Animal Care Committee of Peking University Health Science Centre.
Of all the 56 rabbits, eight were used to verify spatial discrimination of the microelectrode array and the other 48 were randomly assigned to six groups with eight rabbits in each for long-term observation. Of the 48 rabbits, eight rabbits served as normal control (Group 1) and the other forty rabbits were implanted with the microelectrode arrays and divided into five experimental groups (Group 2-Group 6), which represented 2 weeks, 1 month, 2 months, 6 months and 1 year after the implantations, respectively. During surgeries (implantation of microelectrode arrays or recording electrodes), the rabbits were anesthetized with an intramuscular injection of ketamine hydrochloride (32 mg/kg body weight) and xylazine hydrochloride (4 mg/kg body weight).
In order to minimize any potential damage to the ON, a superior temporal orbitotomy was performed to clearly expose the ON before putting the microelectrode array into the ON sheath. After clearance of soft tissues around the ON, a 15-degree cornea knife was used to make an incision perpendicular to the course of the ON to penetrate the dura mater, followed by separation of the dura mater and the pia mater of the ON. Then the microelectrode array was inserted beneath the dura mater to contact the pia mater. All rabbits in the experimental groups underwent this surgery. After that, the microelectrode array was fixed on the sclera of the eye ball by suturing with a 10-0 non-absorbable suture (Alcon Ltd., USA) through the holes within the circuit. Then the plug of the microelectrode array was sutured on the skin next to the outer canthus and fixed by self-curing denture acrylic (Heraeus Kulzer Dental Ltd., Germany) (Fig. 3 ).
Parameters for long-term electrical stimulations and electrically evoked potentials
Biphasic rectangular pulse trains with initial cathodic pulse generated by a calibrated stimulator (Master-8 vp, AMPI Ltd., Israel) were used in this study. The reference electrode used for long-term stimulation was the first microelectrode ( Fig. 4E5 ) in the second row within the microelectrode array. The stimulation electrode was the last microelectrode ( Fig. 4E7) in the second row. The number of pulses in each train was designated as 2, 4, or 6. Durations of each pulse were set at 64 ls, 128 ls, 256 ls, or 512 ls. The interval between pulse trains was 769 ms. For longterm observation, repeated electrical stimulation was carried out for 6 h on alternate days up to 1 year, and the current intensity was set at 150 lA (duration: 256 ls, number of pulses: 2). Before stimulation, electrical pulses generated by the stimulator were measured by an oscilloscope.
The cortical recording electrodes were placed over the rabbit visual cortex to contact the dura mater, which was similar to what we reported before (Wang et al., 2007) . In brief, the skull was exposed at the top of the head along the midline, and five holes with a diameter of 1.25 mm were drilled into the skull. One hole, 26 mm anterior to the lambdoid suture on the midline, was used to house the reference electrode, two holes were positioned 3.5 mm anterior to the lambdoid suture and 2 mm lateral to the midline to house recording electrodes, and two more holes positioned 4.5 mm anterior to the lambdoid suture and 5 mm lateral to the midline over the visual cortex, were also used to house recording electrodes. Five silver-coated electrodes were screwed into these holes to contact the dura mater. The ground electrode (a needle type electrode) was inserted subcutaneously into the forelimb. The recording amplifier pass band was 50-300 Hz. Before electrical stimulations, the impedances of the recording electrodes were measured and the values were all less than 5 kX. With a 4-channel Roland RETI system (Roland Consult Ltd., Germany), one hundred cortical responses were recorded and averaged to record EEPs, and the current thresholds were recorded at different time points after the microelectrode array implantations.
Spatial correspondence of EEPs to electrical stimulation delivered by different microelectrode pairs
Spatial resolution of the microelectrode array is an important issue concerning visual prosthesis. In this research, we chose six pairs of microelectrodes ( Fig. 4E1-E2 , E1-E4, E1-E5, E1-E6, E1-E8, E1-E9) to test spatial discrimination of EEPs elicited by the microelectrode arrays. E1 was used as the return electrode. For cortical recordings, a 4 Â 4 silver-coated recording electrode array with central interelectrode spacing of 3 mm was positioned epidurally to cover the contralateral visual cortex, 1 mm lateral to the midline and 5 mm posterior to the bregma suture (Sun et al., 2011) . A visual field map from Thompson, Woolsey, and Talbot (1950) was superimposed in Fig. 4 to illustrate rough distribution of EEPs (Sun et al., 2011) . The four recording channels were first positioned at location No.1 (Fig. 4) , then moved to locations Nos. 2-4 to cover the visual cortex contra-lateral to the stimulated eye. The current intensity was set at 100 lA. The duration of two pulses in each train was 256 ls, and the interval of pulses was 1000 ls.
Visual evoked potentials
VEPs were recorded in each group to substantiate the safety of the microelectrode arrays implantation in the optic nerve sheaths. The stimuli were obtained from a Ganz field (Q400; Roland Consult Ltd., Germany) controlled by the Roland RETI system. The stimulating light was set at 5 cd/(s m 2 ), and 100 VEPs elicited by 1.3 Hz or 7.9 Hz light stimulations were averaged. The recording amplifier pass band was set at 1-300 Hz.
Pathological examinations of ON and photography of microelectrode arrays
To examine pathological changes in the ON after implanting the microelectrode arrays, histological studies including hematoxylineosin (HE) staining, chromotropic acid 2R-light green staining (to stain myelin sheath and fibrous tissue), and electron microscopy were performed. The rabbits were euthanized with an overdose of pentobarbital. All the right eyes were immediately enucleated prior to respiration cessation. The microelectrode arrays were separated from the ONs, and photos of the microelectrode arrays were taken under a magnifier with a digital camera (F31fd, Fujifilm Ltd., Japan) to show any possible damages of the microelectrode arrays. A small piece of ON tissue was collected and fixed in 3% glutaraldehyde for transmission electron microscopy (TEM) examination. The remaining part of each eye ball was fixed overnight in 4% paraformaldehyde and embedded in paraffin. Transversal sections of 4 lm were cut and processed for HE staining and chromotropic acid 2R-light green staining.
Statistical analysis
Partial correlation analyses were performed in this study to evaluate influences of different factors (duration, interval, number of pulses in each train) on the current thresholds to elicit EEPs. Paired t-tests were used to compare the amplitude and latency of P1 in VEPs between bilateral eyes. Analysis of variance was used to compare the current thresholds to elicit EEPs immediately and at different time points after the implantations. Statistical significance level was set at P < 0.05. All statistical analyses were performed using SPSS 18.0.
Results
Surgical outcome
The ON could be easily exposed after the lateral orbitotomy. The microelectrode arrays were successfully implanted into the optic nerve sheath of rabbit eyes. After enucleation of the eyes, we found that the microelectrode arrays were fixed well beneath the dura mater (Fig. 5) . . A microelectrode array fixed beneath the dura mater of the optic nerve (2 weeks after implantation). The white arrow shows the cutting end of the dura mater. The black arrow shows where the microelectrode array was inserted beneath the dura mater.
Thresholds for electrically evoked potentials
Typical EEPs recorded by four channels are shown in Fig. 6 . Thresholds of current intensity are shown in Table 1 . The data were collected immediately after implantations of the microelectrode arrays. After implantations, thresholds of current intensity (duration: 128 ls, interval: 500 ls, number of pulses: 2) to elicit EEPs increased gradually with time (Table 2) , and analysis of variance showed significant differences among these time points (F = 210.6, P < 0.01). We could not record current thresholds 1 year after the implantations, because EEPs could hardly be elicited due to multiple layers of fibrous encapsulation around the microelectrode arrays, which was verified by pathological examinations.
Results of partial correlation analyses are shown in Table 3 . Longer duration, more pulses in each pulse train, and shorter interval between pulses resulted in lower current thresholds.
3.3. Spatial discrimination of EEPs elicited by microelectrode array Fig. 7 illustrates an example of EEP responses (P1 component) when the ON was stimulated by different microelectrode pairs. As shown in Fig. 7 , different microelectrode pairs could elicit different EEP patterns recorded over the visual cortex. In Fig. 7A , E1 and E2 were used to stimulate the ON perpendicularly, and the corresponding locations of maximal EEP responses were positioned roughly in the nasal inferior region within the visual field map. When the microelectrode pair was changed to E1 and E4 (the distance between the two microelectrodes increased from 300 lm to 900 lm), more axons were recruited and the activated corresponding visual field was enlarged approximately 30°along the horizontal meridian (Fig. 7B) . In Fig. 7C and D, electrical stimulation was delivered along the axis of the ON. When the distance between the two microelectrodes was increased from 500 lm to 1000 lm, maximal EEP response approximately shifted 20°along the horizontal meridian. EEP responses in Fig. 7C and D were located within a smaller region above visual cortex compared with Fig. 7A and B. If electrical stimulation was delivered along the ON obliquely ( Fig. 7E and F) , the characteristic of the EEP map was a mixture of both stimulation patterns, and the maximal range of the activated visual field was over 130°a long the horizontal meridian. In all three electrical stimulation strategies, increasing the distance between microelectrodes could broaden the ''hot-spot'' region in the EEP maps.
Detachment of metal and fibrous encapsulation of microelectrode arrays
The microelectrode arrays were examined after the implantations at different time points. Normal appearance of a 111.3 ± 6.4 123.1 ± 6.5 76.9 ± 8.0 101.9 ± 7.5 71.9 ± 6.5 76.3 ± 6.4 81.9 ± 7.0 128 63.1 ± 5.9 73.8 ± 5.2 86.3 ± 6.9 95.6 ± 7.3 53.1 ± 7.0 61.9 ± 5.9 41.9 ± 5.3 52.5 ± 5.3 56.3 ± 6.4 256 -43.1 ± 7.0 52.5 ± 7.1 61.3 ± 6.4 -43.8 ± 7.9 -36.3 ± 5.8 43.1 ± 5.9 512 --36.3 ± 5.2 42.5 ± 6.5 -32.5 ± 6.0 ---a The data were collected from Group 2. microelectrode array is shown in Fig. 8A . In preliminary experiments, a needle was used to contact the surface of the microelectrode to measure the impedance, which might cause detachment of the metal within the microelectrode arrays after the implantations (Fig. 8B) . We thought this damage might result in leakage of tissue fluid into the space between metal and polymide, causing the metal detachment. However, after we used an electrochemistry work station to measure the impedance of the microelectrode array, which was immersed in 0.9% saline water, we found that the surfaces of microelectrode arrays still remained intact 1 year after implantations (Fig. 8C) . Fig. 9A (HE staining) and B (chromotropic acid 2R-light green staining) show fibrous encapsulation of the microelectrode array 2 weeks after the implantation. Multiple layers of fibroblasts were seen between the pia mater and the dura mater of the ON. One year after the implantation, fibrous encapsulation was more serious, and a thick fibrous membrane beneath the microelectrode array could be seen ( Fig. 9C and D) . Interestingly, as shown in Fig. 9 , proliferation of fibroblasts on the other surface of the microelectrode array, which was free of electrical stimulations, was not serious.
Visual evoked potentials
Normal VEPs before the implantations are shown in Fig. 10A and B. Two weeks after the implantations, the amplitudes of VEPs decreased ( Fig. 10C and D) , and paired t-tests showed a significant difference of P1 amplitude between the implanted eye and the contralateral eye ( Fig. 10E and F, 1.3 Hz: t = À13.3, P < 0.01; 7.9 Hz: t = À13.3, P < 0.01). However, the latencies were similar.
The amplitudes of VEPs recovered at 1 month after the implantation and remained normal upto 1 year after the implantations ( Fig. 10G and H) . Mean latencies and amplitudes of P1 in different groups are shown in Table 4 .
Pathological findings of the ON
Neither HE staining nor chromotropic acid 2R-light green staining showed significant pathological changes in the ON after the microelectrode array implantation. In all groups, transmission electron microscopy (TEM) showed intact myelin sheaths around axons (Fig. 11) . However, swelling of axons beneath the pia mater was noticeable 2 weeks after the surgery (Fig. 11B ), in accordance with the findings of VEPs, and recovered 1 month after the implantation (Fig. 11C) .
Discussion
Visual prostheses, including epiretinal prosthesis (Caspi et al., 2009; Cohen, 2009; Guven et al., 2006) , subretinal prosthesis (Gekeler, Kobuch, Blatsios, Zrenner, & Shinoda, 2010; Gekeler, Kopp, et al., 2010) , ON prosthesis (Cai et al., 2009; Sakaguchi et al., 2009) , and visual cortex prosthesis (Kanai, Chaieb, Antal, Walsh, & Paulus, 2008) , could offer a solution for patients with very low vision or without any light perception. Our ultimate goal is to develop an implantable ON prosthesis that electrically stimulates the ON, thus providing some functional vision to patients with advanced retinitis pigmentosa (RP), which results in a substantial loss of photoreceptors but a relatively functional retinal ganglion cell layer (Chader, Weiland, & Humayun, 2009) . Since all visual information passed through the ON, electrical stimulation of the ON may theoretically induce phosphenes in a wider range over the visual field compared with an epiretinal or subretinal approach. Previous researches have demonstrated the efficacy and prospect of different ON prostheses, and our research was focused on longterm observation after implantations of multi-channel microelectrode arrays. 
Surgical approach
In an early study, a RP patient was intracranially implanted with a self-sizing spiral cuff electrode around the ON and the efficacy of this device was confirmed (Veraart et al., 1998) . However, intracranial surgery requires skull opening and could result in intracranial infection. To avoid skull opening, intra-orbital implantation of a cuff microelectrode array was considered and numerous models were put forward to demonstrate the efficacy of intra-orbital stimulations of the ON (Oozeer, Veraart, Legat, & Delbeke, 2005) . Electrical stimulations on both the pia mater and the dura mater of the ON could elicit EEPs. However, a larger current threshold was required if the stimulations was applied on the dura mater of the ON (Wang et al., 2007) . In our research, the microelectrode arrays were inserted successfully beneath the dura mater of ONs and well fixed on the sclera of eye balls. This surgical approach offers an ideal and feasible solution for the ON prosthesis implantation.
In our study, we used self-curing denture acrylic to fix the plug of the microelectrode arrays. However, to implant this device into a human being, wireless connection of the microelectrode array with an external power supply, which is now under research, is a better solution.
Thresholds to elicit EEPs
Influential factors of a single biphasic pulse to elicit EEPs have been studied before (Wang et al., 2007) . Many researches have proved that the longer the duration of an electrical pulse is, the lower the required current intensity. In our research, we used pulse trains to stimulate ONs, and the results showed that the more the number of pulses included in a stimulation train, the lower the current intensity. The results also showed that shorter pulse intervals resulted in a lower current threshold. It seemed that each additional electrical pulse in a train could inject extra electrical charge to the tissue stimulated, which means two same biphasic pulses recruit more axons in the ON than does a single one. However, since straightforward accumulation of electric charge at the level of the axonal membrane is not possible with biphasic pulses (Delbeke, Oozeer, & Veraart, 2003) , stimulating repeatedly with the same pulse can hardly recruit more axons. By the all-or-none principle, larger current intensity is needed if the purpose is to recruit more axons in the ON. Further studies are still needed to confirm the phenomenon observed in our research.
Spatial discrimination of ON prosthesis and the range of activated visual field
In our research, electrical stimulation delivered along or perpendicular to the ON resulted in different EEP patterns. When microelectrode pairs were positioned along the ON, EEP responses were more localized than those positioned perpendicularly. Increasing the distance between microelectrode pairs could generate a wider range of activated EEP maps, because more axons were recruited.
Compared with epiretinal or subretinal approach, the resolution of which are approximately 1-2° (Eckhorn et al., 2006) , the ON prosthesis can provide a resolution of approximately 10-20° (Sun et al., 2011) , which is lower than retinal approaches. For ON prosthesis, to gain a subtle resolution like epiretinal or subretinal prosthesis could be a challenge because the human ON contains approximately 1.2 million ganglion cell axons, which are packed into a cylinder approximately 3 mm in diameter. This is a natural disadvantage for ON prosthesis. However, it also provides a better opportunity to elicit phosphenes over a wider range in the visual field because same current could recruit more axons within the ON than the retina. In our research, spatial discrimination of approximately 20°was verified by EEP maps over visual cortex, and a large area of visual field (over 130°along horizontal meridian) could be activated. For a RP patient, shrinkage of the visual field occurs much earlier than a decrease in visual acuity. A RP patient may have useful central vision for years, but he/she may have difficulty in discriminating objects in the peripheral visual field. For a RP patient, a relatively normal visual field is as important as useful central vision. Although ON prosthesis cannot provide a high spatial resolution as retinal prosthesis by now, it theoretically can improve the visual field for RP patients.
In this research, the microelectrode array was put on the dorsal side of the ON, which corresponds to the inferior visual field. To achieve better spatial resolution and elicit phosphenes over whole visual field, we believe a round cuff microelectrode array with more microelectrodes embedded in it, is a better solution.
Reliability of microelectrode arrays
The microelectrode arrays implemented in our research were very stable. Although detachment of the metal within the microelectrode arrays was noticed 1 month post the implantation in the preliminary experiments, it might be caused by the needle that was used to measure the impedance. Another experiment in which the microelectrode was immersed in 0.9% saline showed the array was pretty stable.
Safety of implantation
Injury of the ON during the surgery can be minimized by a lateral orbitotomy, which exposes the ON clearly. However, during the surgery, the slight traction of the ON could not be totally avoided. The TEM results confirmed this traction, which was in accordance with the findings that the amplitude of VEPs was not normal for 2 weeks postoperatively and recovered at 1 month after the implantation.
Another consideration is whether or not to remove the dura mater of the ON during the implantation of a microelectrode array. To lower the current threshold, microelectrodes should be implanted as close to the axons or neurons as possible (de Balthasar et al., 2008) , which suggest opening the dura mater surgically. Although opening the dura mater may result in loss of cerebrospinal fluid, serious systemic complications were not observed in our study during the follow up period up to 1 year. Although electrical stimulation within the pia mater could reduce the current threshold further, implantation of a microelectrode array into the pia mater was not adopted because dissection of the pia mater from the ON could cause severe disturbance of blood flow and damage to axons.
Fibrous encapsulation of the microelectrode array
Fibrous encapsulation of stimulating electrodes seems to be a general problem in different kinds of neural prostheses. Tissue responding to chronic implantation of microelectrode arrays varied from minimal reactions (Guven et al., 2005) or a thin capsule around each electrode to gliosis, buildup of fibrous tissue between the array and the nerve tissue (Normann, Maynard, Rousche, & Warren, 1999) . Previous studies have reported that fibrous encapsulation occurs 1 month after the insertion of platinum wires into the optic disk, causing a significant elevation of current threshold (Fang et al., 2006) . Even in cochlear implants, which are far more advanced than visual prostheses, the impedance of stimulating electrodes often increases post-implantation due to fibrous encapsulation (Newbold et al., 2004) . We noticed the same phenomenon in this research. Long-term mechanical stimulation from the implant, chronic inflammation, or even surgery itself may contribute to this phenomenon. In this study, 2 weeks after the surgery, proliferation of thin layers of fibroblasts was observed between the microelectrode array and the pia mater of the ON. One year after the implantation, the fibrous encapsulation became thicker. Proliferation of fibroblasts was even more prominent on the surface that electrical pulses were delivered, suggesting electrical current may stimulate proliferation of fibroblasts (Dubey, Gupta, & Basu, 2011) . Compared with epiretinal approaches, the issue of fibrous encapsulation of microelectrode array in the ON prosthesis seems more serious, possibly because the pia mater consists of several layers of flattened fibroblasts. Several strategies could be considered to reduce fibrous tissue encapsulation. Various anti-inflammatory steroids can reduce the degree of insertion trauma and subsequent fibrous tissue growth around the implant (Hendricks, Chikar, Crumling, Raphael, & Martin, 2008) . Some antimetabolism drugs, such as mitomycin, which is used in trabeculectomy, could be considered to reduce fibrous proliferation. Heparin-coated microelectrode array is now under our research to reduce proliferation of fibroblasts. Compared with polymide, parylene may be a better solution for substrate and encapsulation material (Hsu, Rieth, Normann, Tathireddy, & Solzbacher, 2009; Seymour, Elkasabi, Chen, Lahann, & Kipke, 2009; Weiland et al., 2009 ), and will be used to produce microelectrode arrays in subsequent studies. However, it does not eliminate fibrous encapsulation thoroughly (Demirel, So, Ritty, Naidu, & Lakhtakia, 2007) . Further studies are still needed for reducing fibroblast proliferation.
Conclusion
In conclusion, long-term implantation of this newly designed multi-channel microelectrode array beneath the dura mater of the optic nerve is effective for up to 6 months postoperatively and safe for up to 1 year postoperatively. By now, the spatial discrimination of ON prosthesis is not as high as epiretinal or subretinal approach, but it could theoretically provide a better visual field for RP patients. To maintain the efficacy of the microelectrode array, further studies are needed to reduce fibrous encapsulation, which causes elevation of current thresholds. months and 1 year after the surgeries, respectively. In all groups, dark and intact myelin sheaths could be seen around axons, no demyelination was noticed. Swelling of ON axons beneath the pia mater was noticed 2 weeks after the surgery (B), and recovered to normal 1 month after implantation (C). The length of the black bar represents 1 lm.
